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Abstract 


BACKGROUND 
Vaccines are needed to prevent coronavirus disease 2019 (Covid-19) and to protect persons 
who are at high risk for complications. The MRNA-1273 vaccine is a lipid nanoparticle— 
encapsulated mRNA-based vaccine that encodes the prefusion stabilized full-length spike 
protein of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that 
causes Covid-19. 


METHODS 

This phase 3 randomized, observer-blinded, placebo-controlled trial was conducted at 99 
centers across the United States. Persons at high risk for SARS-CoV-2 infection or its 
complications were randomly assigned in a 1:1 ratio to receive two intramuscular injections 
of MRNA-1273 (100 pg) or placebo 28 days apart. The primary end point was prevention of 
Covid-19 illness with onset at least 14 days after the second injection in participants who had 
not previously been infected with SARS-CoV-2. 


RESULTS 
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The trial enrolled 30,420 volunteers who were randomly assigned in a 1:1 ratio to receive 
either vaccine or placebo (15,210 participants in each group). More than 96% of participants 
received both injections, and 2.2% had evidence (serologic, virologic, or both) of SARS- 
CoV-2 infection at baseline. Symptomatic Covid-19 illness was confirmed in 185 participants 
in the placebo group (56.5 per 1000 person-years; 95% confidence interval [CI], 48.7 to 65.3) 
and in 11 participants in the mRNA-1273 group (3.3 per 1000 person-years; 95% CI, 1.7 to 
6.0); vaccine efficacy was 94.1% (95% CI, 89.3 to 96.8%; P<0.001). Efficacy was similar 
across key secondary analyses, including assessment 14 days after the first dose, analyses that 
included participants who had evidence of SARS-CoV-2 infection at baseline, and analyses 
in participants 65 years of age or older. Severe Covid-19 occurred in 30 participants, with one 
fatality; all 30 were in the placebo group. Moderate, transient reactogenicity after 
vaccination occurred more frequently in the mMRNA-1273 group. Serious adverse events were 
rare, and the incidence was similar in the two groups. 


CONCLUSIONS 

The mRNA-1273 vaccine showed 94.1% efficacy at preventing Covid-19 illness, including 
severe disease. Aside from transient local and systemic reactions, no safety concerns were 
identified. (Funded by the Biomedical Advanced Research and Development Authority and 
the National Institute of Allergy and Infectious Diseases; COVE ClinicalTrials.gov number, 
NCT04470427.) 


Introduction v 
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HE EMERGENCE IN DECEMBER 2019 OF A NOVEL CORONAVIRUS, THE SEVERE 
l acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has had devastating 


consequences globally. Control measures such as the use of masks, physical 
distancing, testing of exposed or symptomatic persons, contact tracing, and isolation have 
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helped limit the transmission where they have been rigorously applied; however, these 
actions have been variably implemented and have proved insufficient in impeding the spread 
of coronavirus disease 2019 (Covid-19), the disease caused by SARS-CoV-2. Vaccines are 
needed to reduce the morbidity and mortality associated with Covid-19, and multiple 
platforms have been involved in the rapid development of vaccine candidates.!° 


The mRNA vaccine platform has advantages as a pandemic-response strategy, given its 
flexibility and efficiency in immunogen design and manufacturing. Earlier work had 
suggested that the spike protein of the coronavirus responsible for the 2002 SARS outbreak 
was a suitable target for protective immunity.! Numerous vaccine candidates in various 
stages of development are now being evaluated.!!-!8 Shortly after the SARS-CoV-2 genetic 
sequence was determined in January 2020, mRNA-1273, a lipid-nanoparticle (LNP)}- 
encapsulated mRNA vaccine expressing the prefusion-stabilized spike glycoprotein, was 
developed by Moderna and the Vaccine Research Center at the National Institute of Allergy 
and Infectious Diseases (NIAID), within the National Institutes of Health (NIH).!4 The 
mRNA-1273 vaccine demonstrated protection in animal-challenge experiments!’ and 
encouraging safety and immunogenicity in early-stage human testing.'4 The efficacy and 


safety of another mRNA vaccine, BNT162b2, was recently demonstrated.!® 


The Coronavirus Efficacy (COVE) phase 3 trial was launched in late July 2020 to assess the 
safety and efficacy of the mMRNA-1273 vaccine in preventing SARS-CoV-2 infection. An 
independent data and safety monitoring board determined that the vaccine met the 
prespecified efficacy criteria at the first interim analysis. We report the primary analysis 
results of this ongoing pivotal phase 3 trial. 


Methods v 


TRIAL OVERSIGHT 

This phase 3 randomized, stratified, observer-blinded, placebo-controlled trial enrolled adults 
in medically stable condition at 99 U.S. sites. Participants received the first trial injection 
between July 27 and October 23, 2020. The trial is being conducted in accordance with the 
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 
Human Use, Good Clinical Practice guidelines, and applicable government regulations. The 
central institutional review board approved the protocol and the consent forms. All 
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participants provided written informed consent before enrollment. Safety is reviewed by a 
protocol safety review team weekly and by an independent data and safety monitoring board 
on a continual basis. The trial Investigational New Drug sponsor, Moderna, was responsible 
for the overall trial design (with input from the Biomedical Advanced Research and 
Development Authority, the NIAID, the Covid-19 Prevention Network, and the trial cochairs), 
site selection and monitoring, and data analysis. Investigators are responsible for data 
collection. A medical writer funded by Moderna assisted in drafting the manuscript for 
submission. The authors vouch for the accuracy and completeness of the data and for the 
fidelity of the trial to the protocol. The trial is ongoing, and the investigators remain unaware 
of participant-level data. Designated team members within Moderna have unblinded access 
to the data, to facilitate interface with the regulatory agencies and the data and safety 
monitoring board; all other trial staff and participants remain unaware of the treatment 
assignments. 


PARTICIPANTS, RANDOMIZATION, AND DATA BLINDING 

Eligible participants were persons 18 years of age or older with no known history of SARS- 
CoV-2 infection and with locations or circumstances that put them at an appreciable risk of 
SARS-CoV-2 infection, a high risk of severe Covid-19, or both. Inclusion and exclusion 
criteria are provided in the protocol (available with the full text of this article at NEJM.org). 
To enhance the diversity of the trial population in accordance with Food and Drug 
Administration Draft Guidance, site-selection and enrollment processes were adjusted to 
increase the number of persons from racial and ethnic minorities in the trial, in addition to the 
persons at risk for SARS-CoV-2 infection in the local population. The upper limit for 
stratification of enrolled participants considered to be “at risk for severe illness” at screening 
was increased from 40% to 50%.17 


Participants were randomly assigned in a 1:1 ratio, through the use of a centralized 
interactive response technology system, to receive vaccine or placebo. Assignment was 
stratified, on the basis of age and Covid-19 complications risk criteria, into the following risk 
groups: persons 65 years of age or older, persons younger than 65 years of age who were at 
heightened risk (at risk) for severe Covid-19, and persons younger than 65 years of age 
without heightened risk (not at risk). Participants younger than 65 years of age were 
categorized as having risk for severe Covid-19 if they had at least one of the following risk 
factors, based on the Centers for Disease Control and Prevention (CDC) criteria available at 
the time of trial design: chronic lung disease (e.g., emphysema, chronic bronchitis, idiopathic 
pulmonary fibrosis, cystic fibrosis, or moderate-to-severe asthma); cardiac disease (e.g., heart 
failure, congenital coronary artery disease, cardiomyopathies, or pulmonary hypertension); 
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severe obesity (body mass index [the weight in kilograms divided by the square of the height 
in meters] >40); diabetes (type 1, type 2, or gestational); liver disease; or infection with the 


human immunodeficiency virus.!® 


Vaccine dose preparation and administration were performed by pharmacists and vaccine 
administrators who were aware of treatment assignments but had no other role in the conduct 
of the trial. Once the injection was completed, only trial staff who were unaware of treatment 
assignments performed assessments and interacted with the participants. Access to the 
randomization code was strictly controlled at the pharmacy. The data and safety monitoring 
board reviewed efficacy data at the group level and unblinded safety data at the participant 
level. 


TRIAL VACCINE 

The mRNA-1273 vaccine, provided as a sterile liquid at a concentration of 0.2 mg per 
milliliter, was administered by injection into the deltoid muscle according to a two-dose 
regimen. Injections were given 28 days apart, in the same arm, in a volume of 0.5 ml 
containing 100 pg of mRNA-1273 or saline placebo.! Vaccine MRNA-1273 was stored at 2° 
to 8°C (35.6° to 46.4°F) at clinical sites before preparation and vaccination. No dilution was 
required. Doses could be held in syringes for up to 8 hours at room temperature before 
administration. 


SAFETY ASSESSMENTS 

Safety assessments included monitoring of solicited local and systemic adverse events for 7 
days after each injection; unsolicited adverse reactions for 28 days after each injection; 
adverse events leading to discontinuation from a dose, from participation in the trial, or both; 
and medically attended adverse events and serious adverse events from day 1 through day 
759. Adverse event grading criteria and toxicity tables are described in the protocol. Cases of 
Covid-19 and severe Covid-19 were continuously monitored by the data and safety 
monitoring board from randomization onward. 


EFFICACY ASSESSMENTS 

The primary end point was the efficacy of the mRNA-1273 vaccine in preventing a first 
occurrence of symptomatic Covid-19 with onset at least 14 days after the second injection in 
the per-protocol population, among participants who were seronegative at baseline. End 
points were judged by an independent adjudication committee that was unaware of group 
assignment. Covid-19 cases were defined as occurring in participants who had at least two of 
the following symptoms: fever (temperature >38°C), chills, myalgia, headache, sore throat, or 
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new olfactory or taste disorder, or as occurring in those who had at least one respiratory sign 
or symptom (including cough, shortness of breath, or clinical or radiographic evidence of 
pneumonia) and at least one nasopharyngeal swab, nasal swab, or saliva sample (or 
respiratory sample, if the participant was hospitalized) that was positive for SARS-CoV-2 by 
reverse-transcriptase—polymerase-chain-reaction (RT-PCR) test. Participants were assessed for 
the presence of SARS-CoV-2-binding antibodies specific to the SARS-CoV-2 nucleocapsid 
protein (Roche Elecsys, Roche Diagnostics International) and had a nasopharyngeal swab for 
SARS-CoV-2 RT-PCR testing (Viracor, Eurofins Clinical Diagnostics) before each injection. 
SARS-CoV-2-infected volunteers were followed daily, to assess symptom severity, for 14 
days or until symptoms resolved, whichever was longer. A nasopharyngeal swab for RT-PCR 
testing and a blood sample for identifying serologic evidence of SARS-CoV-2 infection were 
collected from participants with symptoms of Covid-19. 


The consistency of vaccine efficacy at the primary end point was evaluated across various 
subgroups, including age groups (18 to <65 years of age and =65 years), age and health risk 
for severe disease (18 to <65 years and not at risk; 18 to <65 years and at risk; and 265 years), 
sex (female or male), race and ethnic group, and risk for severe Covid-19 illness. If the 
number of participants in a subgroup was too small, it was combined with other subgroups for 
the subgroup analyses. 


A secondary end point was the efficacy of mRNA-1273 in the prevention of severe Covid-19 
as defined by one of the following criteria: respiratory rate of 30 or more breaths per minute; 
heart rate at or exceeding 125 beats per minute; oxygen saturation at 93% or less while the 
participant was breathing ambient air at sea level ora ratio of the partial pressure of oxygen 
to the fraction of inspired oxygen below 300 mm Hg; respiratory failure; acute respiratory 
distress syndrome; evidence of shock (systolic blood pressure <90 mm Hg, diastolic blood 
pressure <60 mm Hg, ora need for vasopressors); clinically significant acute renal, hepatic, or 
neurologic dysfunction; admission to an intensive care unit; or death. Additional secondary 
end points included the efficacy of the vaccine at preventing Covid-19 after a single dose or 
at preventing Covid-19 according to a secondary (CDC), less restrictive case definition: 
having any symptom of Covid-19 and a positive SARS-CoV-2 test by RT-PCR (see Table S1 
in the Supplementary Appendix, available at NEJM.org). 


STATISTICAL ANALYSIS 

For analysis of the primary end point, the trial was designed for the null hypothesis that the 
efficacy of the mMRNA-1273 vaccine is 30% or less. A total of 151 cases of Covid-19 would 
provide 90% power to detect a 60% reduction in the hazard rate (i.e., 60% vaccine efficacy), 
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with two planned interim analyses at approximately 35% and 70% of the target total number 
of cases (151) and with a one-sided O’Brien—Fleming boundary for efficacy and an overall 
one-sided error rate of 0.025. The efficacy of the mRNA-1273 vaccine could be demonstrated 
at either the interim or the primary analysis, performed when the target total number of cases 
had been observed. The Lan—DeMets alpha-spending function was used for calculating 
efficacy boundaries at each analysis. At the first interim analysis on November 15, 2020, 
vaccine efficacy had been demonstrated in accordance with the prespecified statistical 
criteria. The vaccine efficacy estimate, based on a total of 95 adjudicated cases (63% of the 
target total), was 94.5%, with a one-sided P value of less than 0.001 to reject the null 
hypothesis that vaccine efficacy would be 30% or less. The data and safety monitoring board 
recommendation to the oversight group and the trial sponsor was that the efficacy findings 
should be shared with the participants and the community (full details are available in the 
protocol and statistical analysis plan). 


Vaccine efficacy was assessed in the full analysis population (randomized participants who 
received at least one dose of MRNA-1273 or placebo), the modified intention-to-treat 
population (participants in the full analysis population who had no immunologic or 
virologic evidence of Covid-19 on day 1, before the first dose), and the per-protocol 
population (participants in the modified intention-to-treat population who received two 
doses, with no major protocol deviations). The primary efficacy end point in the interim and 
primary analyses was assessed in the per-protocol population. Participants were evaluated in 
the treatment groups to which they were assigned. Vaccine efficacy was defined as the 
percentage reduction in the hazard ratio for the primary end point (nRNA-1273 vs. placebo). 
A stratified Cox proportional hazards model was used to assess the vaccine efficacy of 
mRNA-1273 as compared with placebo in terms of the percentage hazard reduction. (Details 
regarding the analysis of vaccine efficacy are provided in the Methods section of the 
Supplementary Appendix.) 


Safety was assessed in all participants in the solicited safety population (i.e., those who 
received at least one injection and reported a solicited adverse event). Descriptive summary 
data (numbers and percentages) for participants with any solicited adverse events, unsolicited 
adverse events, unsolicited severe adverse events, serious adverse events, medically attended 
adverse events, and adverse events leading to discontinuation of the injections or withdrawal 
from the trial are provided by group. Two-sided 95% exact confidence intervals (Clopper— 
Pearson method) are provided for the percentages of participants with solicited adverse 
events. Unsolicited adverse events are presented according to the Medical Dictionary for 
Regulatory Activities (MedDRA), version 23.0, preferred terms and system organ class 
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categories. 


To meet the regulatory agencies’ requirement of a median follow-up duration of at least 2 
months after completion of the two-dose regimen, a second analysis was performed, with an 
efficacy data cutoff date of November 21, 2020. This second analysis is considered the 
primary analysis of efficacy, with a total of 196 adjudicated Covid-19 cases in the per- 
protocol population, which exceeds the target total number of cases (151) specified in the 
protocol. This was an increase from the 95 cases observed at the first interim analysis data 
cutoff on November 11, 2020. Results from the primary analysis are presented in this report. 
Subsequent analyses are considered supplementary. 


Results v 


TRIAL POPULATION 


Figure 1. 


Randomization and Analysis Populations. 


Between July 27, 2020, and October 23, 2020, a total of 30,420 participants underwent 
randomization, and the 15,210 participants in each group were assigned to receive two doses 
of either placebo or mRNA-1273 (100 ug) (Figure 1). More than 96% of participants received 
the second dose (Fig. S1). Common reasons for not receiving the second dose were 
withdrawal of consent (153 participants) and the detection of SARS-CoV-2 by PCR before the 
administration of the second dose on day 29 (114 participants: 69 in the placebo group and 


45 in the mRNA-1273 group). The primary efficacy and safety analyses were performed in the 
per-protocol and safety populations, respectively. Of the participants who received a first 
injection, 14,073 of those in the placebo group and 14,134 in the mRNA-1273 group were 
included in the primary efficacy analysis; 525 participants in the placebo group and 416 in 
the mRNA-1273 group were excluded from the per-protocol population, including those who 
had not received a second dose by the day 29 data cutoff (Figure 1). As of November 25, 
2020, the participants had a median follow-up duration of 63 days (range, 0 to 97) after the 
second dose, with 62% of participants having more than 56 days of follow-up. 


Table 1. 


Tobhe | Cemmagraphe ond Cima Charncteraticn at Renate 


Demographic and Clinical Characteristics at Baseline. 


Baseline demographic characteristics were balanced between the placebo group and the 
mRNA-1273 vaccine group (Table 1 and Table S2). The mean age of the participants was 
51.4 years, 47.3% of the participants were female, 24.8% were 65 years of age or older, and 
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16.7% were younger than 65 years of age and had predisposing medical conditions that put 
them at risk for severe Covid-19. The majority of participants were White (79.2%), and the 
racial and ethnic proportions were generally representative of U.S. demographics, including 
10.2% Black or African American and 20.5% Hispanic or Latino. Evidence of SARS-CoV-2 
infection at baseline was present in 2.3% of participants in the MRNA-1273 group and in 
2.2% in the placebo group, as detected by serologic assay or RT-PCR testing. 


SAFETY 


Figure 2. 
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Solicited Local and Systemic Adverse Events. 


Solicited adverse events at the injection site occurred more frequently in the mRNA-1273 
group than in the placebo group after both the first dose (84.2%, vs. 19.8%) and the second 
dose (88.6%, vs. 18.8%) (Figure 2 and Tables S3 and S4). In the mRNA-1273 group, 
injection-site events were mainly grade 1 or 2 in severity and lasted a mean of 2.6 and 3.2 
days after the first and second doses, respectively (Table S5). The most common injection-site 
event was pain after injection. Delayed injection-site reactions (those with onset on or after 
day 8) were noted in 244 participants (0.8%) after the first dose and in 68 participants (0.2%) 
after the second dose. Reactions were characterized by erythema, induration, and tenderness, 
and they resolved over the following 4 to 5 days. Solicited systemic adverse events occurred 
more often in the mRNA-1273 group than in the placebo group after both the first dose 
(54.9%, vs. 42.2%) and the second dose (79.4%, vs. 36.5%). The severity of the solicited 
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systemic events increased after the second dose in the mMRNA-1273 group, with an increase in 
proportions of grade 2 events (from 16.5% after the first dose to 38.1% after the second dose) 
and grade 3 events (from 2.9% to 15.8%). Solicited systemic adverse events in the 
mRNA-1273 group lasted a mean of 2.9 days and 3.1 days after the first and second doses, 
respectively (Table S5). Both solicited injection-site and systemic adverse events were more 
common among younger participants (18 to <65 years of age) than among older participants 
(265 years of age). Solicited adverse events were less common in participants who were 
positive for SARS-CoV-2 infection at baseline than in those who were negative at baseline 
(Tables S6 and S7). 


The frequency of unsolicited adverse events, unsolicited severe adverse events, and serious 
adverse events reported during the 28 days after injection was generally similar among 
participants in the two groups (Tables S8 through S11). Three deaths occurred in the placebo 
group (one from intraabdominal perforation, one from cardiopulmonary arrest, and one from 
severe systemic inflammatory syndrome in a participant with chronic lymphocytic leukemia 
and diffuse bullous rash) and two in the vaccine group (one from cardiopulmonary arrest and 
one by suicide). The frequency of grade 3 adverse events in the placebo group (1.3%) was 
similar to that in the vaccine group (1.5%), as were the frequencies of medically attended 
adverse events (9.7% vs. 9.0%) and serious adverse events (0.6% in both groups). 
Hypersensitivity reactions were reported in 1.5% and 1.1% of participants in the vaccine and 
placebo groups, respectively (Table S12). Bell’s palsy occurred in the vaccine group (3 
participants [<0.1%]) and the placebo group (1 participant [<0.1%]) during the observation 
period of the trial (more than 28 days after injection). Overall, 0.5% of participants in the 
placebo group and 0.3% in the mRNA-1273 group had adverse events that resulted in their 
not receiving the second dose, and less than 0.1% of participants in both groups discontinued 
participation in the trial because of adverse events after any dose (Table S8). No evidence of 
vaccine-associated enhanced respiratory disease was noted, and fewer cases of severe 
Covid-19 or any Covid-19 were observed among participants who received mMRNA-1273 than 
among those who received placebo (Tables S13 and S14). Adverse events that were deemed 
by the trial team to be related to the vaccine or placebo were reported among 4.5% of 
participants in the placebo group and 8.2% in the mMRNA-1273 group. The most common 
treatment-related adverse events (those reported in at least 1% of participants) in the placebo 
group and the mRNA-1273 group were fatigue (1.2% and 1.5%) and headache (0.9% and 
1.4%). In the overall population, the incidence of treatment-related severe adverse events was 
higher in the mMRNA-1273 group (71 participants [0.5%]) than in the placebo group (28 
participants [0.2%]) (Tables S8 and S15). The relative incidence of these adverse events 


according to vaccine group was not affected by age. 


EFFICACY 


Figure 3. 
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Vaccine Efficacy of mRNA-1273 to Prevent Covid-19. 


After day 1 and through November 25, 2020, a total of 269 Covid-19 cases were identified, 
with an incidence of 79.7 cases per 1000 person-years (95% confidence interval [CI], 70.5 to 
89.9) among participants in the placebo group with no evidence of previous SARS-CoV-2 
infection. For the primary analysis, 196 cases of Covid-19 were diagnosed: 11 cases in the 
vaccine group (3.3 per 1000 person-years; 95% CI, 1.7 to 6.0) and 185 cases in the placebo 
group (56.5 per 1000 person-years; 95% CI, 48.7 to 65.3), indicating 94.1% efficacy of the 
mRNA-1273 vaccine (95% CI, 89.3 to 96.8%; P<0.001) for the prevention of symptomatic 
SARS-CoV-2 infection as compared with placebo (Figure 3A). Findings were similar across 
key secondary analyses (Table S16), including assessment starting 14 days after dose 1 (225 
cases with placebo, vs. 11 with MRNA-1273, indicating a vaccine efficacy of 95.2% [95% CI, 


13 of 26 


14 of 26 


91.2 to 97.4]), and assessment including participants who were SARS-CoV-2 seropositive at 
baseline in the per-protocol analysis (187 cases with placebo, vs. 12 with mRNA-1273; one 
volunteer assigned to receive MRNA-1273 was inadvertently given placebo], indicating a 
vaccine efficacy of 93.6% [95% CI, 88.6 to 96.5]). Between days 1 and 42, seven cases of 
Covid-19 were identified in the mMRNA-1273 group, as compared with 65 cases in the placebo 
group (Figure 3B). 


Figure 4. 


Vaccine Efficacy of mRNA-1273 to Prevent Covid-19 in Subgroups. 


A key secondary end point evaluated the efficacy of mRNA-1273 at preventing severe 
Covid-19. Thirty participants in the trial had severe Covid-19; all 30 were in the placebo 
group (indicating vaccine efficacy of 100% [95% CI, could not be estimated to 1.0]), and one 
death among these participants was attributed to Covid-19 (Table S16). The vaccine efficacy 
to prevent Covid-19 was consistent across subgroups stratified by demographic and baseline 
characteristics (Figure 4): age groups (18 to <65 years of age and >65 years), presence of risk 
for severe Covid-19, sex, and race and ethnic group (non-Hispanic White and communities of 
color). Among participants who were positive for SARS-CoV-2, by serologic or virologic 
testing, at baseline (337 in the placebo group and 343 in the mMRNA-1273 group), one case of 
Covid-19 was diagnosed by RT-PCR testing in a placebo recipient and no cases were 
diagnosed in mRNA-1273 recipients (Table S17). Among participants who were negative for 
SARS-CoV-2 at baseline (by RT-PCR or antibody testing), in addition to symptomatic 
Covid-19 cases 39 (0.3%) in the placebo group and 15 (0.1%) in the mRNA-1273 group had 
nasopharyngeal swabs that were positive for SARS-CoV-2 by RT-PCR at the second dose visit 
(surveillance swab) but had no evidence of Covid-19 symptoms (Table S18). 
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Discussion v 


The COVE trial provides evidence of short-term efficacy of the mRNA-1273 vaccine in 
preventing symptomatic SARS-CoV-2 infection in a diverse adult trial population. Of note, 
the trial was designed for an infection attack rate of 0.75%, which would have necessitated a 
follow-up period of 6 months after the two vaccine doses to accrue 151 cases in 30,000 
participants. The pandemic trajectory accelerated in many U.S. regions in the late summer 
and fall of 2020, resulting in rapid accrual of 196 cases after a median follow-up of 2 months. 
It is important to note that all the severe Covid-19 cases were in the placebo group, which 
suggests that mRNA-1273 is likely to have an effect on preventing severe illness, which is 
the major cause of health care utilization, complications, and death. The finding of fewer 
occurrences of symptomatic SARS-CoV-2 infection after a single dose of mRNA-1273 is 
encouraging; however, the trial was not designed to evaluate the efficacy of a single dose, 
and additional evaluation is warranted. 


The magnitude of mRNA-1273 vaccine efficacy at preventing symptomatic SARS-CoV-2 
infection is higher than the efficacy observed for vaccines for respiratory viruses, such as the 
inactivated influenza vaccine against symptomatic, virologically confirmed disease in adults, 
for which studies have shown a pooled efficacy of 59%.!9 This high apparent efficacy of 
mRNA-1273 is based on short-term data, and waning of efficacy over time has been 
demonstrated with other vaccines.*° Also, the efficacy of the vaccine was tested in a setting of 
national recommendations for masking and social distancing, which may have translated into 
lower levels of infectious inoculum. The efficacy of mMRNA-1273 is in line with that of the 
recently reported BNT162b2 mRNA vaccine.!® The COVE trial is ongoing, and longitudinal 
follow-up will allow an assessment of efficacy changes over time and under evolving 
epidemiologic conditions. 


Overall, the safety of the mRNA-1273 vaccine regimen and platform is reassuring; no 
unexpected patterns of concern were identified. The reactogenicity associated with 
immunization with MRNA-1273 in this trial is similar to that in the phase 1 data reported 
previously.!4 Overall, the local reactions to vaccination were mild; however, moderate-to- 
severe systemic side effects, such as fatigue, myalgia, arthralgia, and headache, were noted in 
about 50% of participants in the mRNA-1273 group after the second dose. These side effects 
were transient, starting about 15 hours after vaccination and resolving in most participants by 
day 2, without sequelae. The degree of reactogenicity after one dose of mMRNA-1273 was less 
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than that observed for the recently approved recombinant adjuvanted zoster vaccine and after 
the second mRNA-1273 dose was similar to that of the zoster vaccine.?/?? Delayed injection- 
site reactions, with an onset 8 days or more after injection, were uncommon. The overall 
incidence of unsolicited adverse events reported up to 28 days after vaccination and of 
serious adverse events reported throughout the entire trial was similar for mRNA-1273 and 
placebo. Arisk of acute hypersensitivity is sometimes observed with vaccines; however, no 
such risk was evident in the COVE trial, although the ability to detect rare events is limited, 
given the trial sample size. The anecdotal finding of a slight excess of Bell’s palsy in this trial 
and in the BNT162b2 vaccine trial arouses concern that it may be more than a chance event, 
and the possibility bears close monitoring .1® 


The mRNA-1273 vaccine did not show evidence in the short term of enhanced respiratory 
disease after infection, a concern that emerged from animal models used in evaluating some 
SARS and Middle East respiratory syndrome (MERS) vaccine constructs.23-2° A hallmark of 
enhanced respiratory disease is a Th2-skewed immune response and eosinophilic pulmonary 
infiltration on histopathological examination. Of note, preclinical testing of mRNA-1273 and 
other SARS-CoV-2 vaccines in advanced clinical evaluation has shown a Th1-skewed 
vaccine response and no pathologic lung infiltrates.!>-2628 Whether mRNA-1273 vaccination 


results in enhanced disease on exposure to the virus in the long term is unknown. 


Key limitations of the data are the short duration of safety and efficacy follow-up. The trial is 
ongoing, and a follow-up duration of 2 years is planned, with possible changes to the trial 
design to allow participant retention and ongoing data collection. Another limitation is the 
lack of an identified correlate of protection, a critical tool for future bridging studies. As of 
the data cutoff, 11 cases of Covid-19 had occurred in the mMRNA-1273 group, a finding that 
limits our ability to detect a correlate of protection. As cases accrue and immunity wanes, it 
may become possible to determine such a correlate. In addition, although our trial showed 
that MRNA-1273 reduces the incidence of symptomatic SARS-CoV-2 infection, the data were 
not sufficient to assess asymptomatic infection, although our results from a preliminary 
exploratory analysis suggest that some degree of prevention may be afforded after the first 
dose. Evaluation of the incidence of asymptomatic or subclinical infection and viral 
shedding after infection are under way, to assess whether vaccination affects infectiousness. 
The relatively smaller numbers of cases that occurred in older adults and in participants from 
ethnic or racial minorities and the small number of previously infected persons who received 
the vaccine limit efficacy evaluations in these groups. Longer-term data from the ongoing 
trial may allow a more careful evaluation of the vaccine efficacy in these groups. Pregnant 
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women and children were excluded from this trial, and additional evaluation of the vaccine 
in these groups is planned. 


Within 1 year after the emergence of this novel infection that caused a pandemic, a pathogen 
was determined, vaccine targets were identified, vaccine constructs were created, 
manufacturing to scale was developed, phase 1 through phase 3 testing was conducted, and 
data have been reported. This process demonstrates what is possible in the context of 
motivated collaboration among key sectors of society, including academia, government, 
industry, regulators, and the larger community. Lessons learned from this endeavor should 
allow us to better prepare for the next pandemic pathogen. 
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India’s first mRNA Covid-19 vaccine candidate gets nod for clinical trials 

The novel mRNA vaccine candidate, HGCO19 has been developed by Gennova Pharma, Pune, India, 
uses the most prominent mutant of spike protein (D614G) and has already demonstrated safety, 
immunogenicity, neutralization antibody activity in animals. And, mRNA -based vaccines are 
scientifically the ideal choice to address a pandemic because of their rapid developmental timeline. 


Robert Karis 
Feb 07, 2021 


Vaccine efficacy in patients older than 75. 

I would like to know the efficacy of the Moderna vaccine in patients older than 75 years. 

Figure 4 of the study shows that the vaccine efficacy for patients aged 18 to <65 years is 95.6%. 
The efficacy decreases to 86.4% for patients >=65 years. 

Efficacy is not given for patients >=75 years. However, Table S2 p. 22 shows that there were 1,397 
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patients over the age of 75 at screening, so that is a large enough number to give statistically significant 
results, if the efficacy were reported for these patients. 


Noel PHARES 
Feb 06, 2021 


mRNA-induced 'decoy' ACE2 receptors & their affinity for Angiotensin II 

Simply put, mRNA vaccines create what amounts to decoy receptors that the receptor binding domain 
of SARS Cov-2 spike proteins lock on to, and in doing so decrease viral binding to available ACE2 
receptors. This begs the question: what is angiotensin 2's affinity for these very same vaccine- 
generated decoy receptors? Will angiotensin 2 bind to these decoy receptors and in doing so isolate 
them from being attenutated by ACE2, potentially increasing the pro-inflammatory and pro- 
hypertensive effects of angiotensin II? ACE2 receptors are ubiquitous and this seems like a potential 
concern that I have seen absolutely no discussion regarding. 


CHARLES PHILLIPS, MD 
Feb 06, 2021 


Charles Phillips, MD 

I am tired of all the hidden Chinese bribe money NOT reported -= Harvard $330 million to begin the 
list. And why should SARS be "2" when it was long before MERS? I am tired of all the 
disinformation. The world is tired of all the hidden movement of money. If NIAID is involved- Dr. 
Fauci has patents involved (England was shocked in 2005) and will make lots of money if we have to 
immunize all teachers and all students. Prediction - someone will be in Jail by April. 


Charles Phillips, MD - Lifetime Certified in Emergency Medicine - like Galileo no committee needed. 
If no minority report, committees only spend 90% of the time trying to fake unanimous views. I gave 
up on committees in 1980 - giving up on EMD planning by BART in San Francisco. Set up 
paramedics in Guam - so I have saved lots of lives. Check Paramedic Skills Manual. 


ERIC BROWN 
Feb 06, 2021 


No RNA Control Included 
The Sars-Cov-2 vaccines are different from conventional vaccines in that MRNA alone is a powerful 
adjuvant. 


The Sars-Cov-2 vaccine trials only compared risk of getting covid-19 between the vaccine group and 
the saline group. Without having immunized a group with a non-coding mRNA as a negative control 
for RNA-induced activation of innate immunity, nothing can be said (accurately) about what the 
antibodies elicited to the virus are doing with regard to protection against Sars-Cov-2. The 'protective' 
effect attributed to the vaccine does not rule out adjuvant effects conferred by the inflammatory state 


elicited by RNA alone. 


Do you know what the outcome of submitting a vaccine design grant or a manuscript and not including 
an adjuvant control? Not discussed. Rejected. 


All successful and failed vaccine trials have one thing in common: they all report the induction of 
specific antibodies. So what? Without ruling out adjuvant effects the antibody response in the case of 
Sars-Cov-2 cannot be interpreted accurately without more time elapsing. 


Furthermore, the IgG’s generated aren’t even what is needed at the mucosal surface. Where’s the IgA? 
Why was this isotype not measured? 
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